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(57) ABSTRACT

A pyrene compound represented by general formula (1):
wherein X represents one of a naphthalene ring and
phenanthrene ring: when X represents the naphthalene
ring, a 1-pyrenyl group indicated in general formula (1)
is bonded to a 2-position of the naphthalene ring; when
X represents the phenanthrene ring, the 1-pyrenyl group
is bonded to one of a 2-position and a 3-position of the
phenanthrene ring; and R1 and R2 are each indepen-
dently selected from a hydrogen atom and an alkyl

group.

[Chem. 1]

General formula (1)
X OQQ Rz
R1

13 Claims, 1 Drawing Sheet
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1
PYRENE COMPOUND AND ORGANIC
ELECTROLUMINESCENT DEVICE
INCLUDING THE SAME

TECHNICAL FIELD

The present invention relates to a novel pyrene compound
and an organic electroluminescent (EL) device including the
novel pyrene compound.

BACKGROUND ART

An organic EL device is a device that includes an anode, a
cathode, and an organic compound layer interposed between
the anode and the cathode. Holes and electrons supplied from
the anode and the cathode excite the zorganic compound
contained in the organic compound layer and light is emitted
when the organic compound returns to its ground state.

In PTL 1, a compound A1 represented as below is used as
a host material of an emission layer of a blue light-emitting
device.

[Chem. 1]
Al
H;C
N
HiC
CH;

9

CITATION LIST
Patent Literature

PTL 1: Japanese Patent Laid-Open No. 2007-191603 (no
corresponding foreign application)

SUMMARY OF INVENTION

A material having a wide band gap is used as a host material
of'a blue emission layer. Such a material tends to have a deep
highest-occupied molecular orbital (HOMO) level due to the
wide band gap. Since the HOMO level is deep, the barrier
between HOMO levels becomes wider between the blue
emission layer and a hole transport layer adjacent to the blue
emission layer. This shortens the luminance half life of the
organic EL device.
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PTL 1 describes an organic EL device that includes the
compound Al as the host material of a blue emission layer.
The luminance halflife of the organic EL device is only about
4,000 hours when continuously driven at a current density of
10 mA/cm?.

The present invention provides a novel organic compound
that has a shallow HOMO level. The present invention also
provides an organic EL device that contains the novel organic
compound and has a long luminance half life.

An aspect of the present invention provides a pyrene com-
pound represented by general formula (1) below:

[Chem. 2]

General formula (1)
OO ’ OQQ N

R1

In general formula (1), X represents one of a naphthalene
ring and a phenanthrene ring. When X represents a naphtha-
lene ring, a 1-pyrenyl group indicated in general formula (1)
is bonded to the 2-position of the naphthalene ring. When X
represents a phenanthrene ring, the 1-pyrenyl group is bonded
to the 2- or 3-position of the phenanthrene ring. R1 and R2 are
each independently selected from a hydrogen atom and an
alkyl group.

According to this aspect of the invention, a pyrene com-
pound having a wide band gap and a shallow HOMO level can
be provided. An organic EL device that contains this pyrene
compound has a long luminance half life.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic cross-sectional view showing an
organic ELL device and a thin film transistor (TFT) device
connected to the organic EL device.

DESCRIPTION OF EMBODIMENTS

A novel pyrene compound according to an embodiment of
the present invention is represented by general formula (1)
below.

[Chem. 3]

General formula (1)
CO ’ OQQ N

R1
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In general formula (1), X represents one of a naphthalene
ring and a phenanthrene ring. When X represents a naphtha-
lene ring, a 1-pyrenyl group indicated in general formula (1)
is bonded to the 2-position of the naphthalene ring. When X
represents a phenanthrene ring, the 1-pyrenyl group is bonded
to the 2- or 3-position of the phenanthrene ring. X may con-
tain a substituent. R1 and R2 are each independently selected
from a hydrogen atom and an alkyl group.

This pyrene compound, i.e., a compound that includes a
1-pyrenyl group on the left side of general formula (1) and X
bonded to the 1-pyrenyl group, has a wide band gap and a
shallow HOMO level. According to a molecular orbital cal-
culation, the HOMO level of the pyrene compound is local-
ized on the 1-pyrenyl group and the naphthalene or phenan-
threne ring. The band gap of the molecule is determined by
the 1-pyrenyl group and the naphthalene or phenanthrene ring
bonded to the 1-pyrenyl group. The 2-pyrenyl group indicated
on the right side of general formula (1) renders the HOMO
level shallower without substantially changing the value of
the band gap determined by the 1-pyrenyl group and the
naphthalene or phenanthrene ring bonded to the 1-pyrenyl
group. Note that the “shallow HOMO level” means that the
vacuum level is close to the HOMO level.

The substituents represented by R1 and R2 in general for-
mula (1) are each independently selected from a hydrogen
atom and an alkyl group. Specific examples of the alkyl group
include chain alkyl groups such as a methyl group, an ethyl
group, an isopropy!l group, a n-butyl group, a sec-butyl group,
a tert-butyl group, a pentyl group, a hexyl group, an octyl
group, a decyl group, a dodecyl group, a tridecyl group, a
tetradecyl group, a pentadecyl group, a hexadecyl group, and
an octadecyl group; and cyclic alkyl groups such as a cyclo-
pentyl group and a cyclohexyl group. Among these, a tert-
butyl group is suitable. R1 and R2 are added to the main
backbone.

The reason for using the tert-butyl group is at least one of
the following two.

First, the tert-butyl group improves the hole injectability.
Second, the tert-butyl group is bulky and can thus suppress
association of the pyrene compound.

When X in general formula (1) represents a naphthalene
ring, the 1-pyrenyl group may be bonded to the 2-position of
the naphthalene ring. When X represents a phenanthrene ring,
the 1-pyrenyl group may be bonded to the 2- or 3-position of
the phenanthrene ring.

This is because the dihedral angle formed between the
naphthalene or phenanthrene ring and the 1-pyrenyl group is
small. In other words, the intramolecular twist is little and the
molecular conjugation between two planes remains unbro-
ken.

The position at which the 2-pyrenyl group is bonded to the
naphthalene or phenanthrene ring is not particularly limited.
Inparticular, when X represents a naphthalene ring, the 6-po-
sition of the naphthalene ring may be bonded to the 2-pyrenyl
group. In a phenanthrene ring having the 2-position bonded to
the 1-pyrenyl group, one of the 6- and 7-positions of the
phenanthrene ring may be bonded to the 2-pyrenyl group. In
particular, the 7-position of the phenanthrene ring may be
bonded to the 2-pyrenyl group. In a phenanthrene ring having
the 3-position bonded to the 1-pyrenyl group, one of the 6-
and 7-positions of the phenanthrene ring may be bonded to
the 2-pyrenyl group. In particular, the 7-position of the
phenanthrene ring may be bonded to the 2-pyrenyl group.

The calculation results of the HOMO level of a compound
A2 represented as below, which is an example of the pyrene
compound of the present invention, and a compound A3
represented as below, which is a comparative example, are
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4

described below. The HOMO level was calculated by a
molecular orbital method on the basis of the Austin Model 1.

[Chem. 4]

The HOMO level of the compound A2 was —8.06 eV.

[Chem. 5]

s

The HOMO level of the compound A3 was —8.13 eV.

The results show that the HOMO level of the compound A2
is shallower than that of the compound A3. This is because the
2-pyrenyl group illustrated on the right side of the structural
formula has a greater electron-donating property than the
1-pyrenyl group.

Examples of the pyrene compound of the present invention
are as follows.

[Chem. 6]

Al

A4
5
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-continued
Al6

Some of these example compounds are represented by
general formulae (2) and (3) below. Compounds represented
by general formulae (2) and (3) have high molecular stability.
This is because in the compounds represented by general
formulae (2) and (3), the dihedral angle formed by the naph-
thalene or phenanthrene ring and the 1-pyrenyl group is
small.

[Chem. 9]

General formula (2)

i i QQO .
R1

15

25

40

45

50

55

[
<

65

8

-continued
[Chem. 10]

General formula (3)
OO Q Q QQO Rz

R1

R1 and R2 in general formulae (2) and (3) are each inde-
pendently selected from a hydrogen group and an alkyl group,
as with R1 and R2 of general formula (1).

The process of preparing a pyrene compound represented
by general formula (1) is not particularly limited. For
example, the pyrene compound can be prepared by the fol-
lowing scheme.

[Chem.11]

Intermediate A

B(OH),
+ Br—X—O0OH
Pd(PPhy)y
Na,COzaq
Toluene-Ethanol

TH0
—_—
Pyridine

X—OTf

Intermediate B

At

[OMe(COD)],
Cyclohexane

Toluene-Ethanol

O Q
\B Pd(PPhs)s
/ OQQ KOs
o
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-continued

Intermediate A + Intermediate B

Next, an organic EL device containing an organic pyrene
compound according to aspects of the present invention is
described in detail. The organic EL. device according to
aspects of the present invention includes an anode, a cathode,
an emission layer disposed between the anode and the cath-
ode, and a hole transport layer disposed between the emission
layer and the anode. The hole transport layer is in contact with
the emission layer. The emission layer of the organic EL
device emits light when an electric field is applied between
the anode and the cathode.

The emission layer contains a host material and a guest
material.

The host material is a pyrene compound represented by
general formula (1).

The pyrene compound may be used as a host material of a
blue light-emitting layer of an organic EL device.

The pyrene compound has a shallow HOMO level. When
the host material in the emission layer of the organic EL
device is this compound, the lifetime of the device can be
extended. This is because when a compound having a shallow
HOMO level is used as the host material, the driving voltage
can be lowered and the load imposed on the device is
decreased. The pyrene compound is a compound that does not
contain any heteroatom. Since a molecule that does not con-
tain any heteroatom is stable against oxidation, the lifetime of
the device is extended.

The maximum emission wavelength of the EL emission of
a blue light-emitting material is 440 nm or more and 470 nm
or less. The band gap is 2.6 eV or more and 2.8 eV or less. In
contrast, the band gap of the host material of a blue emission
layer may be about 3.0 eV, which is larger than that of the
emission material.

The molecule of the pyrene compound described above has
a band gap of about 3.0 eV. Accordingly, the pyrene com-
pound according to aspects of the present invention may be
used as a host material of an emission layer that contains the
host material and the guest material. In particular, the pyrene
compound may be used as a host material of a blue emission
layer. Alternatively, the pyrene compound may be used as a
host material of a green emission layer or as the host material
of'a red emission layer with a fluorescent material serving as
a guest material.

The host material is an organic compound that accounts for
the largest weight ratio in the emission layer. The guest mate-
rial is an organic compound other than the host material in the
emission layer.

Examples of the organic EL. device including the pyrene
compound according to aspects of the present invention are as
follows.

An organic EL device according to an embodiment of the
present invention may include, in addition to a pair of elec-
trodes, e.g., the anode and the cathode, and the emission layer,
aholetransport layer and/or ahole injection layer between the
anode and the emission layer, or an electron transport layer,

w
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an electron injection layer, and/or a hole-exciton-blocking
layer between the emission layer and the cathode, for
example. The configuration of the organic compound layers
of'the light-emitting device containing the compound accord-
ing to aspects of the present invention is not limited to this.

A material having a large work function is used in the
anode. Examples of the material include, but are not limited
to, single metals such as Au, Pt, Ag, Du, Ni, Pd, Co, Se, Cr,
Mn, V, and W, alloys thereof, and metal oxides such as I[TO
and I1Z0. Electrically conductive polymers such as polya-
niline, polypyrrole, etc., can also be used. The anode may
have a single layer structure or a multilayer structure.

A material having a high hole mobility is used in the hole
injection layer and the hole transport layer. An example of
such a material is triarylamines but the material is not limited
to triarylamines. Triarylamines may be used since the energy
barrier between them and the pyrene compound according to
aspects of the present invention is low.

A material having a band gap corresponding to blue may be
used as the guest material of the emission layer. Examples of
such a material include, but are not limited to, chrysene
diamine, chrysene diarylamine, and benzofluoranthene.

A material having high electron transport and injection
properties may be used in the electron transport layer and the
electron injection layer. Examples of such a material include,
but are not limited to, triazole derivatives, triazine derivatives,
quinoline derivatives, quinoxaline derivatives, phenanthro-
line derivatives, and organic aluminum complexes.

A material having a small work function is used in the
cathode. Examples of such a material include, but are not
limited to, single metals such as alkali metals, alkaline earth
metals, Al, Ti, Mn, and Ag, alloys thereof, and metal oxides
such as [TO. The cathode may have a single layer structure or
a multilayer structure.

The organic EL device of this embodiment can be used in
display apparatuses and lighting apparatuses. It can also be
used as an exposure light source of an electrophotographic
image forming apparatus or a backlight of a liquid crystal
display apparatus.

A display apparatus includes the organic EL device of this
embodiment in a display unit. The display unit includes a
plurality of pixels. Each pixel includes the organic EL device
of this embodiment and a TFT device. The anode or the
cathode of the organic EL device is connected to the drain
electrode or the source electrode of the TFT device. The
display apparatus can also be used as an image display appa-
ratus of a personal computer or the like.

The display apparatus may be used in a display unit of an
imaging apparatus such as a digital camera and a digital video
camera. An imaging apparatus includes a display unit and an
imaging unit that includes an imaging optical system such as
lens and the like. The display apparatus can be used not only
in the display unit of an imaging apparatus but also in a
display unit of an ink jet printer.

The display apparatus may include an image input unit that
inputs information from area CCDs, linear CCDs, and
memory cards, for example. The display apparatus may func-
tion as a display unit of an imaging apparatus or an ink jet
printer and may have both an image output function for dis-
playing images on the basis of image information input from
an external device and an input function of inputting process-
ing information on images thereby serving as an operation
panel. The display apparatus may be used in a display unit of
a multifunctional printer.

Next, a display apparatus that uses the organic EL device
according to aspects of the present invention is described.
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FIG. 1 is a schematic cross-sectional view showing an
organic EL device according to an aspect of the present inven-
tion and a thin film transistor (TFT) device, which is an
example of a switching device connected to the organic EL.
device. In the drawing, two pairs of the organic EL device and
the TFT device are illustrated. The detailed structures thereof
are as follows.

The display apparatus shown in FIG. 1 includes a substrate
1 such as a glass substrate and a moisture-proof film 2 on the
substrate 11. The moisture-proof film 12 protects a TFT or
organic compound layers. A gate electrode 3 composed of
metal is formed on the moisture-proof film 2. A gate insulat-
ing film 4 covers the gate electrode 3 and a semiconductor
layer 5 covers the gate insulating film 4.

A'TFT element 8 includes a semiconductor layer 5, a drain
electrode 6, and a source electrode 7. An insulating film 9 is
provided on the top of the TFT element 8. An anode 11 of the
organic EL. device is connected to the source electrode 7
through a contact hole 10. The structure of the display appa-
ratus is not limited to this. For example, one of the anode and
the cathode may be connected to one of the source electrode
and the drain electrode of the TFT device.

In the drawing, an organic compound layer 12 having a
multilayer structure is illustrated as one layer. In order to
suppress deterioration of the organic EL device, a first pro-

tective layer 14 and a second protective layer 15 are formed on
a cathode 13.

The display apparatus including the organic EL device can
stably display high quality images over a long time.

EXAMPLES

The present invention will now be described using
examples. However, the present invention is not limited to
these examples.

Example 1

In order to synthesize compound A8, its intermediates, i.e.,
A19 and A20, were synthesized as follows. Compound A19
(intermediate B) and compound A20 (intermediate A) were
then coupled.

[Chem.13]

T~

20

25

35

40

45

50

[Chem.12]
Q Cl
—_—
CF380;H
CH,Cl,

O Br,
Q

@

O/

A~

B—O

%
PdCL(dppf)(C,HCL,)
dppf

KOAc
Dioxane

~

Al9

0 0
/

B—H
/N
o 0

[IrOMe(COD)]»
Cyclohexane
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-continued

14

QQ Br

HO
o]
-~
B
/
o]

: Q O Q

A19 (Intermediate B) + A20 (Intermediate A)

Into a reactor, 80 mL toluene, 40 mL ethanol, 40 mL 10
wt % aqueous sodium carbonate solution, 63.5 mg tetrakis
(triphenylphosphine)palladium, 858.3 mg A19, and 1.15 g
A20 were charged to obtain a mixture. The reactor was deaer-
ated for several minutes with argon gas to remove oxygen
remaining in the system. The reaction mixture was refluxed
for 23 hours. After being cooled to room temperature, the
mixture was extracted with chloroform. After separation, the
organic layer was dried over anhydrous magnesium sulfate
and the dehydrate was removed by filtration. The crude prod-
uct obtained by condensation was recrystallized with chlo-
robenzene twice and dispersed in acetone to wash. As aresult,
1.02 g of A8 was obtained. A8 was identified by "H-NMR and
matrix-assisted laser desorption ionization-time of flight
(MALDI-TOF) mass spectroscopy.

m

A20

50

Pd(PPh3),
Na,COsaq
Toluene-Ethanol

TH0
—_—
Pyridine

Pd(PPhz)4
Na,COszaq

Toluene-Ethanol

A chloroform solution of A8 having a concentration of
about 0.05 wt % was spin-coated on a glass substrate and the
ionization potential (AC-2 produced by RIKEN KEIKI Co.
Ltd.) and absorption spectrum were measured. The ionization
potential was 5.62 eV and the band gap calculated from the
absorption edge of the absorption spectrum was 3.03 eV.

'"H-NMR (CDCl,, 400 MHz)

delta=1.60 ppm (s, 9H), 1.62 ppm (s, 9H), 7.87 ppm (dd,
2H), 8.03-8.27 ppm (m, 18H), 8.47 ppm (s, 1H), 8.57 (s, 2H)

MALDI-TOF m/z=639.97 (calc. m/z=640.31)

Compounds A4 to A7, and A9 to A18 were synthesized as
with A8 by changing intermediates. Some of them are shown
in Table 1 below.

TABLE 1

Synthesized

product Intermediate A

Intermediate B

A4
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TABLE 1-continued
Synthesized
product Intermediate A Intermediate B
AS
o}
\
B
o
Ab
o}
\
OTf B
O O
A7
o}
\
OTf B
O O
Al0
o}
\
OTf B
Q /
O O O
Al7
OTf e}
\
B
O O

Example 2

An organic EL device that includes an anode, a hole injec-
tion layer, a hole transport layer, an emission layer, an elec-
tron transport layer, and a cathode sequentially layered on a
substrate in that order was prepared as below as an example of
the structure of an organic EL device.

A glass substrate was used as the substrate. A film com-
posed of indium tin oxide (ITO) having a thickness of 120 nm
was sputter-deposited on the glass substrate to form an anode.
The ITO film was ultrasonically washed with acetone and
then isopropyl alcohol (IPA), boil-washed with IPA, and
dried. The substrate and the anode were subsequently washed
with UV/ozone so that the substrate could be used as a trans-
parent conductive supporting substrate. A21 represented by
the structural formula below was vacuum vapor-deposited on
the anode to form a hole injection layer. The thickness of the
hole injection layer formed was 40 nm.

50
[Chem. 14]
A21
0 g
e ()
adads
65 @ @
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A22 represented by the structural formula below was
vacuum vapor-deposited on the hole injection layer to form a
hole transport layer. The thickness of the hole transport layer
formed was 10 nm.

[Chem. 15]
A22
C(CHz);
AP
(H:0)C Q
C(CHz);

Next, A23 having the structure below and A8 described
above were co-deposited at a weight ratio A23:A8=5:95 in
vacuum to form an emission layer having a thickness of 30 nm
on the hole transport layer.

[Chem. 16]
A23

909005

2,9-[2-(9,9'-Dimethylfluorenyl]-1,10-phenanthroline was
vacuum vapor-deposited on the emission layer to form an
electron transport layer having a thickness of 30 nm.

Next, lithium fluoride (LiF) was vacuum vapor-deposited
on the electron transport layer to form a film having a thick-
ness of 0.5 nm and an aluminum film having a thickness of
150 nm was vacuum vapor-deposited to form a cathode.

The obtained organic EL device was covered with a pro-
tective glass plate in a dry air atmosphere to prevent deterio-
ration caused by moisture adsorption and sealed with an
acrylic resin adhesive.

The performance of the device obtained as such was evalu-
ated by connecting an anode to the ITO electrode (anode) and
a cathode to the Al electrode (cathode). Emission was mea-
sured with BM7 fast produced by TOPCON CORPORA-
TION. A current density of 3.9 mA/cm? was obtained at 4 V
and light with an emission wavelength of 460 nm and an
luminous efficacy of 5.8 um/W was observed. This organic
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EL device was continuously driven at a current density of 100
mA/cm?. The luminance half life of the device was 1,000
hours.

Comparative Example 1

A25 having the structure below was separately synthesized
as a comparative example. The ionization potential and the
absorption spectrum were measured as in Example 1. The
ionization potential was 5.72 eV and the band gap calculated
from the absorption edge of the absorption spectrum was 3.02
eV. Compared to A8 in Example 1, the band gap was substan-
tially the same but the ionization potential was deeper by 0.1
eV, which shows low hole injectability.

[Chem. 17]
A25

Comparative Example 2

An organic EL. device was fabricated as in Example 2
except that A8 was replaced with A25 described in Compara-
tive Example 1. The performance was evaluated as in
Example 2. This organic EL device was continuously driven
atacurrent density of 100 mA/cm?. The luminance halflife of
the device was 500 hours.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2009-211977, filed Sep. 14, 2009, which is
hereby incorporated by reference herein in its entirety.

The invention claimed is:

1. A pyrene compound represented by general formula (1):

General formula (1)
CO ’ OQQ N

R1
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wherein X represents one of a naphthalene ring and a
phenanthrene ring; when X represents the naphthalene
ring, a 1-pyrenyl group indicated in general formula (1)
is bonded to a 2-position of the naphthalene ring; when
X represents the phenanthrene ring, the 1-pyrenyl group
is bonded to one of a 2-position and a 3-position of the
phenanthrene ring; and R1 and R2 are each indepen-
dently selected from a hydrogen atom and an alkyl
group.

2. The pyrene compound according to claim 1, wherein at

least one of R1 and R2 represents a tert-butyl group.

3. A host material contained in an emission layer of an
organic electroluminescent device, the host material compris-
ing:

the pyrene compound according to claim 1.

4. An organic electroluminescent device comprising:

an anode;

a cathode;

an emission layer interposed between the anode and the
cathode; and

a hole transport layer interposed between the emission
layer and the anode and in contact with the emission
layer,

wherein the emission layer emits light when an electric
field is applied between the anode and the cathode,

the emission layer contains a host material and a guest
material, and

the host material is the pyrene compound according to
claim 1.

5. The organic electroluminescent device according to
claim 4, wherein the guest material is a blue light-emitting
material.

6. An image display apparatus comprising:

a plurality of pixels each including the organic electrolu-
minescent device according to claim 4 and a thin film
transistor device,

wherein the anode or the cathode of the organic electrolu-
minescent device is connected to a drain electrode or a
source electrode of the thin film transistor device.

7. An image input apparatus comprising:

a display unit; and

an image input unit configured to read images,

wherein the display unit includes a plurality of pixels each
including the organic electroluminescent device accord-
ing to claim 4 and a thin film transistor device, and
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the anode or the cathode of the organic electroluminescent
device is connected to a drain electrode or a source
electrode of the thin film transistor device.
8. An organic electroluminescent device comprising:
an anode;
a cathode; and
an emission layer interposed between the anode and the
cathode, the emission layer comprising the pyrene com-
pound according to claim 1.
9. The organic electroluminescent device according to
claim 8,
wherein the emission layer comprises a host and a guest,
and
wherein the host is the pyrene compound.
10. The organic electroluminescent device according to
claim 9,
the guest is a compound represented by the following struc-
ture

U 0

11. A lighting apparatus comprising the organic electrolu-
minescent device according to claim 8.

12. An electrophotographic image forming apparatus com-
prising an exposure light source,

the exposure light source comprising the organic electrolu-

minescent device according to claim 8.

13. An exposure light source of an electrophotographic
image forming apparatus comprising the organic electrolu-
minescent device according to claim 8.
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